The thermal reaction of [Os3(CO)10(μ-H)(μ-SN2C4H5)] (1) at 110 °C afforded the new compound [Os3(CO)9(μ-H)(μ 3-η 2 -SN2C4H5)] (2) in 84% yield. Compound 2 exists as two isomers, which differ in the disposition of the bridging hydride ligand. Both of the isomers of 2 have been characterized by a combination of elemental analysis, infrared and 1 H NMR spectroscopic data together with single crystal X-ray crystallography. The isomers crystallize together in the triclinic space group P-1 with a = 10.4775 (2) 
Introduction
In recent years, the reactions of transition metal carbonyl clusters with heterocyclic ligands containing more than one hetero-atoms have been widely investigated. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18 These reactions are markedly influenced by the structure of the heterocyclic ring, starting clusters and also by the reaction conditions employed. Trinuclear osmium clusters have proved to be useful system for modeling heterogeneous catalytic processes such as hydrodesulfurization (HDS) and hydrodenitrogenation (HDN) which are associated with the cleavage of C-X bonds (X = S, N). 1, 2, 3, 4, 5, 6, 7, 8, 10, 12, 13, 19, 20, 21, 22, 23 The presence of heteroatom's such as sulfur 24, 25, 26 and nitrogen 27, 28, 29 not only stabilizes the metal cluster framework with respect to degradational fragmentation in drastic conditions but also provide new types of reactivities and increase the coordination potential towards multi-metal centers. Many of the resultant complexes are biologically important as they can be used as models for metal-centers in metalloproteins 30, 31, 32, 33, 34 and also possess different industrial applications such as anticorrosion and as accelerators in the rubber vulcanization process. 35 The reactions of trimetallic clusters with nitrogen and sulfur containing heterocycles such as 4-methylthiazole, 12 2,4,5-trimethylthiazole, 9 thiazole, 13, 16 thiomorpholine, 14 thiazolidine, 14 2-methyl-2-thiazoline, 10 benzothiazole, 15 pyrimidine-2-thiol 15 and pyridine-2-thiol 11 have been demonstrated by us. The neutral ligand 2-mercapto-1-methylimidazole can in principle coordinates both in the 'thione' and in the tautomeric 'thiol' form (−NH−C=S⇌−N=C−SH−NH−C=S⇌−N=C−SH) which gives rise to a wide range of coordination compounds with considerable structural diversity. 35, 36, 37, 38, 39 Recently, we reported the reactions of 2-mercapto-1-methylimidazole with a series of trimetallic clusters,
. 40 The reaction of [Ru3(CO)12] with 2-mercapto-1-methylimidazole at 68 °C afforded [Ru3(CO)9(μ-H)(μ 3-η 2 -SN2C4H5)]; whereas, the lightly stabilized cluster
(1) at 25 °C (Scheme 1).
Scheme 1
As a continuation of our previous work, we investigated the thermal reaction [Os3(CO)10(μ-H)(μ-SN2C4H5)] at 110 °C in an attempt to synthesize the osmium analog of [Ru3(CO)9(μ-H)(μ 3-η 2 -SN2C4H5)] and the results of this study are reported herein.
Experimental
All the reactions were performed under a dry oxygen-free nitrogen atmosphere using 
X-ray Crystallography
Crystals of 2 suitable for X-ray diffraction were obtained by recrystallization from hexane/CH2Cl2 at 4 °C and mounted on a nylon fiber with a mineral oil. Diffraction data were collected at 100(2) K on a Bruker AXS SMART diffractometer equipped with an APEX CCD detector using graphite-monochromated Cu Kα radiation (λ = 1.54178 Å). Integration of intensities and data reduction was performed using SAINT program. 41 Multi-scan absorption correction was applied using SADABS procedure. 42 The structures were solved by direct methods 43 and refined by full-matrix least squares on F 2 . 44 All non-hydrogen atoms were refined anisotropically. Positions of hydrogen atoms were calculated geometrically and were included into refinement with U(iso) = 1.2 U(iso/eq) of an adjacent carbon atom using a riding model. All pertinent crystal data and other experimental conditions and refinement details are summarized in Table 1 .
Table 1
Crystal and structural refinement data for [Os3(CO)9(μ-H)(μ 3-η 2 -SN2C4H5)] (2) 40 With this in mind, we investigated the thermal reaction of 1 in toluene. The thermolysis of 1 in refluxing toluene for 5 h affords [Os3(CO)9(μ-H)(μ 3-η 2 -SN2C4H5)] (2), as orange crystals in 84% yield (Scheme 2).
Scheme 2
Several compounds of this type, [Os3(CO)9(μ-H)L], were previously reported 2,3,4 but they were characterized by spectroscopic methods only. However, we have successfully grown X-ray quality crystals of 2 and have undertaken a solid-state structural investigation to establish the ligand arrangement in 2.
Compound 2 exists as two independent isomers in the asymmetric unit. The solid-state structures of the two molecules of 2 are shown in Fig. 1 , crystallographic data are collected in Table 1 , and selected bond lengths and angles are listed in Table 2 . The crystallographic atom numbers given for the two molecules are the same, with those in molecule 2 being designated by an additional A. The structure of each molecule consists of an irregular triangle of osmium atoms, each of which is coordinated by three carbonyl ligands. A triply bridging 2-mercapto-1-methylimidazole ligand and a bridging hydrido ligand complete the coordination sphere of the cluster. The molecules differ in the relative disposition of the hydrido ligand within the cluster. In molecule 1, it is located across the Os(1)-Os(3) edge and this is consistent with the observation that this edge is significantly elongated {Os (1) Another important difference between the two molecules is that in molecule 1 the three metal-metal bond distances are significantly different; whereas, in molecule 2 the three osmium atoms define an approximate isosceles triangle. However, in both molecules the μ 3-SN2C4H5 ligand, which acts as a five-electron donor, is coordinated through the nitrogen atom in axial position to Os(1) and to Os(2) and Os(3) through the bridging exocyclic sulfur atom. This type of ligand arrangement has also been observed in [Ru3(CO)9(μ-H)(μ 3-η 2 -SN2C4H5)], 40 [Ru3(CO)9(μ-H)(μ 3-η 2 -SN2C4H3)] 15 and [Ru3(CO)9(μ-H)(μ 3-η 2 -SN2C7H5)]. 15 In molecule 1, the sulfur atom asymmetrically bridges the (2) showing the atom labeling scheme used. Thermal ellipsoid are drawn at 50% probability level Table 2 Selected bond distances (Å) and angles (°) for [Os3(CO)9(μ-H) (μ 3-η 2 -SN2C4H5)] (2)
Molecule 1 Molecule 2
Bond distances (Å)
Os ( The spectroscopic data of the two isomers of 2 are consistent with the solid-state structures being maintained in solution. The infrared spectrum in the carbonyl stretching region is very similar to that of [Os3(CO)9(μ-H)(μ3-η 2 -SN2C3H3)], 1 indicating that they have very similar distribution of the carbonyl ligands. The 1 H NMR spectrum (Fig. 2) clearly indicates the presence of two isomers in solution, the asymmetric form (2a) and the symmetric form (2b), in 1:1 ratio. In addition to two equal intensity singlets at δ −12.47 and −14.70 due to the hydride ligand, the aromatic region of the 1 H NMR spectrum shows four doublets at δ 6.99 (J = 1.5 Hz), 6 .87 (J = 1.5 Hz), 6 .53 (J = 1.4 Hz), 6.44 (J = 1.4 Hz) in a relative intensity of 1:1:1:1 indicating the presence two equally populated isomers. Consistent with this the aliphatic region of the spectrum shows two singlets at δ 3.62 and 3.60 (each integrating for 3 H), attributed to the methyl protons of the heterocyclic ligand. The mass spectrum of 2 exhibits a molecular ion peak at m/z 938, which agrees with the molecular formula with ion peaks corresponding to 9 CO loses. 
Supplementary Material
Crystallographic data for the structure reported in this article have been deposited with the Cambridge Crystallographic Data Center as supplementary publication number 669776 (space group P-1). Copies of this information can be obtained free of charge on application to the Director, CCDC, 12 Union Road, Cambridge, CB2 1 EZ, UK (fax: +44-1223-336033; e-mail: deposit@ccdc.cam.ac.uk or www: http://www.ccdc.ac.uk).
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